Jessy Mol -Baskaran: Evaluation of groundwater quality at coconut husk retting area - Abstract. This paper evaluates the quality of the groundwater in and around a coconut husk retting area. The area selected for the study is Mondaikadu of Kanyakumari district, Tamil Nadu, India, which is very near to the coast of the Indian Ocean. Groundwater samples were collected during summer, winter and pre-monsoon season and analyzed using analytical instruments. It was observed that the groundwater quality is significantly affected by coconut husk retting process. The pH level in the groundwater was found to be unacceptable because it was below the permissible limit of 6.5 to 9.2 as per the World Health Organization (WHO) and Bureau of Indian Standards (BIS). All other parameters such as Total Dissolved Solids (TDS), Electrical conductivity (EC), Hardness, Calcium (Ca), Magnesium (Mg), Sodium (Na), Potassium (K), Ferrous (Fe), Manganese (Mn), Nitrate (NH 3 ), Chloride (Cl), Fluoride (F), Sulphate (SO 4 ) are within the limits. Low pH water was neutralized using addition of Sodium Hydroxide methods (NaoH), addition of soda ash and aeration process. Using correlation analysis, the dependent and independent variables were selected and regression analysis was conducted for these variables and the best fit regression model was created.
Introduction
Water is one of the most common and most precious resources of our earth. About 80% of the earth's surface is covered with water. It cannot be made electronically or hydrologically or by any other means (Brindha and Elango, 2011) . It may be classified as groundwater and surface water. Groundwater is the main source for drinking purpose. Groundwater contains less pollution as compared to surface water and does not have suspended solid particles also having less turbidity (Gajendran et al., 2013) . The most important environmental issue is groundwater contamination (Oyelami et al., 2013) . About 70 % of India's groundwater resource has been contaminated by organic, inorganic and biological pollution (Anitha and Sugirtha, 2013) . Most of the contamination occurs on account of mining, land clearance, agriculture, acid precipitation, domestic and industrial waste (Appelo and Dieke, 2005) . Population growth and rapid urbanization are one of the reasons for qualitative degradation of groundwater (Abd El-Salam and Abu-Zuid, 2015). The soil influence on the water quality of an area is very important and it can be described as the process controlling the exchange of chemicals between the soil and water (Hesterberg, 1998 Kurakalva et al., 2016) . It is important to identify the source of pollution to avoid future degradation of groundwater quality (Dieng et al., 2017) . This is the first study to conduct the groundwater quality analysis near the coconut husk retting area.
In the process of retting of a coconut husk lot of solid waste is produced. This gets mixed up with solids and gradually decomposes. This merges with the soils and the aquifer and pollutes the groundwater system. The effluent generated from the coir industry is acidic, also contains phenolic compounds and other toxic substances (Simple Lotus, 2012). The heavy pollution caused by the retting yards is found to have serious environmental degradation and ecosystem damage. Many researchers analysed the physic-chemical characters of the retting water and finally they found that it will affect the retting water and land. It causes serious health impacts to the people (Najee and Philipose, 2013; Manoj, 2014) . Due to the contamination of surface water the soil may get contaminated (MaryHelen et al., 2011) . This leads to groundwater contamination. In order to assess the quality of water continuously, prediction is needed. The prediction can be used for resource planning and management if it is of acceptable accuracy (Seyyed et al., 2013) . Recently, mathematical, statistical, computational and spatial analysis is used to simulate and assess many aquifer water quality parameters. Spatial analysis of pollution is used to identify the source of the pollution in a particular study area (Ang et al., 2016) .
Regression analysis was the linear modelling tool used for prediction. It is a form of predictive modelling technique which investigates the relationship between a dependent and independent variable. This technique was used for forecasting, time series modelling and finding the causal effect relationship between the variables. The curve must be fitted to the data points, in such a manner that the differences between the distances of data points from the curve or line was minimized. In this study it was used to predict one dependent variable by using other independent variables.
The main aim of this study is to assess the groundwater contamination in the area specified, to compare the water quality parameters with drinking water quality standards, suggestions were given to treat the contaminated water and the groundwater quality modelling is created. Regression analysis is used to create the groundwater models. The parameters selected for analysis were based on the correlation matrices.
Kanyakumari District is mostly covered by costal area. The geographical extent of Kanyakumari District is 1,672 km 2 . The soil type is mostly red loam and laterite with coastal alluvium in the south. The district has a warm and humid climate with a maximum day temperature ranging between 24 °C and 34 °C throughout the year and an annual rainfall of 146 cm. The main occupations of the coastal area are coir making and fishing (ENVIS Centre, Tamil Nadu). In the coir production process, the coconut husk is soaked in a retting pond for a period of 6 months to one year. During this period, it may produce a lot of organic, inorganic and biological components. This process is highly affecting the quality of water in the retting pond. It produces a bad smell around the surrounding places.
The area taken for this study is Kanyakumari District, Tamil Nadu. Here, the coconut husk retting operation is carried out near the AVM canal. That canal water is used for the coconut husk retting process.
Material and methods
The water sampling process was done during winter, summer and monsoon seasons for the period of three years from December 2012 to November 2015. There were 10 groundwater samples collected from different bore wells near the retting site. The specifications of the different bore wells are mentioned in Table 1 . Samples were collected in one 1itre polythene bottles, which were pre cleaned with concentrated hydrochloric acid and distilled water. pH was measured on the site with a digital pH meter (Ahamefula et al., 2013) . This was done to avoid unpredictable changes in characteristics as per the standard procedure (APHA, 1998). All the collected samples were preserved in the refrigerator and the analysis such as TDS, EC, Hardness, Ca, Mg, Na, K, Fe, Mn, NH3, Cl, F, SO 4 were completed in the Environmental engineering laboratory within two days. 
Results and discussion

Statistical analysis
Physical and chemical properties of the groundwater in all the three seasons are evaluated. Each season has different range of parameters. In general, the winter season has higher values compared to the other two seasons. As compared to WHO (1993) and BIS (2009) standards all parameters are within the permissible limit, except pH. 
pH value
The pH range of groundwater for all the three seasons is below the permissible level of WHO and BIS, which means the water is acidic and corrosive in nature. Figure. 1 shows the spatial variation of the pH in various sampling sites for three seasons. The map was interpolated by using kriging method. Kriging is a linear interpolation procedure that provides linear unbiased estimation for quantities, which vary in space and it is an advanced geostatistical procedure for interpolation (Gunarathna, 2016) .
The main reason for low pH is a low concentration of ions present in the groundwater. The effluent from the retting site is acidic, this may be the reason for low pH in the study area. As per WHO, if the pH range is less than 6.5 or greater than 9.2 it affects the portability of the drinking water. But it has no direct impact on human health (Jasem et al., 2010). U.S. environmental protection agency says that low pH in water can damage the metal pipe and give the sour taste (EPA, 2003 
Figure 1. Spatial variation of pH for three seasons
Neutralize the low pH water
Addition of sodium hydroxide (NaOH)
This is the one of the best methods to increase the pH level in water. Titration method is used to determine the amount of NaOH needed to raise the pH of the water. NaOH solution is prepared by adding 4 g of NaOH pellets to 100 ml of distilled water. Then the NaOH solution obtained is taken as the burette solution and titrated against 20 ml of water sample. Phenolphthalein (C 20 H 14 O 4 ) is added as the indicator and the end point is colourless to pink. The burette reading gives the amount of NaOH used for 20 ml of the water sample. If sodium hydroxide is added manually, good ventilation should be maintained to avoid breathing vapours and wear protective gloves, goggles to avoid skin and eye contact (Wagenet et al., 1995) .
The amount of NaOH added to the water is calculated using the below formula:
(NaOH used per litre of Sample Normality of NaOH Equivalent weight of 1 litre of 1 N NaOH) NaOH needed = 1000 Water reacts with NaOH to form an aqueous solution containing NaOH.
Addition of soda ash
120 g of soda ash is added to 1 L of water (Glenda and Jennings, 1996) . The sample is stirred well, so that the soda ash gets completely dissolved in water. Now the pH of the water sample is measured. The reaction is taking place as follows: 2H O + Na CO 2NaOH + H CO  
H CO H O + CO 
Water reacts with sodium carbonate (Na 2 CO 3 )to form NaOH and carbonic acid. Carbonic acid decomposes to water and carbon dioxide.
Aeration process
The process by which air is circulated through, mixed with or dissolved in a liquid is called aeration. In this method, water is taken in a vessel and air is supplied to the water using an aerator. Immediately air bubbles will be produced and the pH gets increased. Water displacement from the expulsion of bubbles can cause a mixing action to occur and the contact between water and the bubble will result in oxygen transfer. 3.78 L of water are aerated for 2 s to increase the pH of water to a permissible level (Kirby et al., 2007) . Table 3 shows the amount of pH present in the water before and after the neutralizing process. It seems that all methods of a neutralizer are very effective one. 
Correlation analysis
Correlation analysis is used to check the relation between the variables. It is the one of the methods of multivariate statistical study. Many statistical analysis were conducted to determine the temporal variations of the study area. Many statistical analysis were conducted in various research (Özdemir, 2016; Asfandyar et al., 2016; Tokatli, 2015) . Correlation analysis is the easiest one among all.
All variables are used to check the correlation. The correlation coefficients are computed using the following equation (Eq.1):
where . SPSS 20 software was used to conduct the correlation analysis. There were 50 samples used to find out the correlation between the variables. If the correlation coefficient (R) between the parameters are closer to 1 then the parameters are more positively correlated. Table 4 shows the correlation matrix for the different variables. It shows that the correlation between fluoride (F) and Cl is having lower R value, that is 0.001. The reason for the low correlation is due to the ionic alteration by anthropogenic activities (Bodrud-Doza et. al., 2016). EC is highly correlated with TDS, hardness, Mg, Na, Cl, and the values of correlation coefficient (R) are given in the 
Regression model
The aim of the regression analysis is to determine the relation between the dependent variable and independent variable. The dependent variable is EC and the independent variables are TDS, Hardness, Mg, Na, and Cl are selected from the correlation analysis. Since the number of independent variables is more therefore multiple linear equation is created. Eq. 2 shows the multiple linear equation of the variable:
where represents the EC content and, , , , , , represent the TDS, Hardness, Mg, Na, Cl respectively; , , , , are the corresponding coefficient of the independent variables, is the constant of the regression equation. The best fit model is found based on the coefficient of determination (R 2 ). If it is nearer to 1, there is a good relationship between the dependent and independent variables.
Multiple linear regression analysis were conducted in the Matlab programming for the regression model. The constants are calculated and the model is developed as Eq. 3: Figure 2 shows the regression plot for the target and predicted EC content. The R value of the regression model is 0.95995. It shows that there is a good relationship between the target and the output of the model. 
Conclusions
The result of study indicates that the borewell water in the coconut husk retting area are suitable for domestic purpose. The experimental analysis reveals that the parameters such as TDS, EC, Hardness, Ca, Mg, Na, K, Fe, Mn, NH 3 , Cl, F and SO 4 of all 50 samples are within the prescribed limit of WHO and BIS, except for pH. The water can be used for drinking after neutralising by addition of NaOH, addition of soda ash and aeration methods.
The results of correlation analysis shows that EC was highly correlated with other parameters. The regression analysis shows the coefficient of determination for the observed and predicted EC was 0.9215, which was close to one, therefore regression model was a good prediction tool for this problem.
